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© Device for transmitting a digital picture signal. 

© By compressing HDTV pictures, they can be 
recorded on digital SDTV video recorders. Such 
recorders are widely used in professional studios. 
The invention relates to a device for formatting the 
compressed HDTV signal in such a way that the DC 
values of successive 8*8 picture blocks are pro- 
cessed by SDTV recorders as a smaller but rec- 
ognizable SDTV sub-picture. Low-cost editing of 
HDTV programs with standard equipment (SDTV re- 
corders and receivers) is possible with such a de- 
vice while the edited final result can be transmitted 
as a HDTV signal without any further processing 
operation. 
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FIELD OF THE INVENTION 

The invention relates to a device for transmit- 
ting a digital picture signal. More particularly, the 
invention relates to a device provided with encod- 
ing means for forming a mean value and a series 
of other data words of successive picture blocks of 
the picture signal. Transmission of picture signals 
is also understood to mean recording and repro- 
ducing the signals. The invention also relates to a 
device for receiving a digital picture signal. 

BACKGROUND OF THE INVENTION 

Devices of the type described in the opening 
paragraph for transmitting a high-definition (HDTV) 
picture signal are generally known. By means of, 
for example picture transform and coding of coeffi- 
cients obtained therefrom it has been found possi- 
ble to compress HDTV picture signals to a consid- 
erably lower bit rate than would be necessary for 
the uncompressed picture signal. Such devices will 
in due course provide the possibility of realising 
HDTV video recorders having technically and ec- 
onomically feasible specifications as regards their 
electrical and mechanical aspects and as regards 
the use of tapes. Video recorders for recording, 
editing and display of digital picture signals having 
a lower standard definition (SDTV) are, however, 
already produced in large quantities. For example, 
professional PCM video recorders which can 
record and play back an uncompressed digital 
SDTV picture signal are still available in large 
quantities and to an increasing extent. Also in the 
future, they will be considerably cheaper than 
HDTV recorders for a long time. 

It is possible to compress HDTV picture signals 
to a bit rate which corresponds to that of an un- 
compressed SDTV picture signal. In principle, the 
compressed HDTV signal can then be transmitted 
via available SDTV channels and registered on the 
known PCM recorders. However, compression and 
decompression units (integrated or not integrated 
in recorders) and HDTV monitors are required for 
editing HDTV programs. This involves a costly in- 
vestment in appropriate HDTV equipment. 

OBJECT AND SUMMARY OF THE INVENTION 

It is an object of the invention to transmit or 
record a high-definition compressed picture signal 
in a channel bit stream in such a way that an 
acceptable picture is obtained when this picture 
signal is decoded and displayed at a lower defini- 
tion. 

To this end the device according to the inven- 
tion is characterized in that it comprises formatting 
means for accommodating the mean value of suc- 



cessive picture blocks of each picture at those 
positions of the channel bit stream which form a 
sub-picture in a picture signal of lower definition. 
It is thereby achieved that upon playback of 
s the encoded HDTV picture signal on an SDTV 
recorder and upon display on a standard television 
receiver a smaller but acceptable sub-picture is 
obtained. The rest of the picture becomes manifest 
as a kind of noise. Thus it will be possible to 
to ascertain by means of already available recorders 
and receivers which television scenes are recorded 
on a tape. Moreover, low-cost editing of HDTV 
programs with standard equipment is possible, 
while the assembled final result can nevertheless 
ts be transmitted without any further postprocessing 
operation via a decoding unit and displayed on 
HDTV receivers. Special attention should be drawn 
to the fact that available facilities in SDTV record- 
ers for trick modi such as fast search are also 
20 applicable to editing HDTV signals. In practice, all 
this appears to yield considerable operational ad- 
vantages. A very attractive fact is that no extra 
facilities are necessary. It is notably unnecessary to 
use extra bits for formatting the HDTV picture 
25 signal, which would be at the expense of the com- 
pression efficiency. 

It is to be noted that European Patent Applica- 
tion EP 0 272 762 discloses a device for splitting 
HDTV picture signals into two bit streams, one bit 
30 stream of which represents a compatible SDTV 
picture signal and the other bit stream compnses 
supplementary data for the full reconstruction of 
the HDTV picture signal. The SDTV picture signal 
may be displayed with the lower definition on the 
35 full screen of standard television receivers. How- 
ever recording, editing and display of the HDTV 
picture signals still requires special HDTV video 
recorders which are adapted to process both bit 
streams. 

40 A corresponding device for receiving a com- 
pressed high-definition digital picture signal is char- 
acterized in that it comprises deformatting means 
for splitting the channel bit stream into the mean 
values and the other data words. 

45 BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1 shows a transmission system comprising 
a device for transmitting and a device for receiving 
so high-definition picture signals according to the in- 
vention. 

Fig. 2 shows the structure of a control unit 
shown in Fig. 1 . 

Fig 3 shows the structure of a HDTV picture 
55 and a corresponding SDTV picture for explaining 
the operation of a formatting unit shown in Fig. 1. 

Fig. 4 shows a further embodiment of the de- 
vice for transmitting a picture signal. 
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Fig. 5 shows a further embodiment of the de- 
vice for receiving a picture signal. 

Fig 6 shows the structure of a HDTV p.cture 
and a corresponding SDTV picture for explaining 
the operation of the embodiments shown in Figs. 4 

a0d Rg 7 shows an example of the use of an 
alternative embodiment of a video recorder ,n the 
transmission system shown in Fig. 1. 

Fig. 8 shows a transmission system provided 
with a scrambler and a descrambler. 



DESCRIPTION OF EMBODIMENTS 

Fig 1 shows a transmission system for high- 
definition picture signals. The system comprises 
successively a HDTV picture source 1, an encod- 
ing unit 2, a formatting unit 3, a digital video 
recorder 4, a deformatting unit 5, a decoding unit 6 
and a HDTV receiver 7. The encoding unit 2 and 
the formatting unit 3 constitute the device for trans- 
mitting picture signals according to the invention^ 
The deformatting unit 5 and the decoding un.t 6 
constitute the device for receiving the picture sig- 
nals according to the invention. The transmitted 
digital picture signals are also applied to a standard 
television receiver 8 via a D/A converter (not 
shown). _ 

Picture source 1, for example a HDTV camera, 
generates a picture signal at a high definition of. for 
example 1440 pixels per line and 1152 lines. This 
picture signal is applied to the encoding unit 2 
which is known per se and will only be described 
as far as this important for a satisfactory under- 
standing of the invention. The encoding unit com- 
prises a picture memory 21 by means of wh.ch the 
HDTV picture is divided into picture blocks of, for 
example 8*8 pixels. These picture blocks have a 
block address (i, j) which is generated by an ad- 
dressing circuit 22. Each picture block is subjected 
in a transformer 23 to an orthogonal picture trans- 
form for example Discrete Cosine Transform 
(OCT) Such a transformer supplies a senes of 64 
coefficients for each picture block of 8*8 pixels Of 
these coefficients, one represents the mean value 
of the picture block. This coefficient will hereinafter 
be referred to as the DC value of the picture block. 
The other coefficients are AC coefficients. These 
coefficients are applied to a quantizing and coding 
circuit 24 in which they are subjected to. for exam- 
ple variable-length coding. The code words thus 
obtained, which are representative of the AC coeffi- 
cients of a picture block, are denoted by AC m the 
Figure. . . 

In practice, the encoding is realised separately 
for the luminance signal Y and the chrominance 
signals U and V. The chrominance signals are 
often sampled at a lower sample frequency so that 



one picture block U and one picture block V are 
present for two consecutive picture blocks Y. They 
are transformed and coded in the sequence YUYV. 
A considerable compression can be achieved 
s by means of the encoding unit 2. In the relevant 
case, this factor will be assumed to be 4. The 
quantity of data for each compressed HDTV picture 
is then equal to that of an uncompressed SDTV 
picture which, as is known, comprises 720 pixels 
to per line and 576 lines. Digital video recorders for 
recording such uncompressed SDTV picture sig- 
nals are known. They are described, for example in 
"Standard for recording digital television signals on 
magnetic tape in cassettes", EBU-Tech. 3252-E 
,s September 1986. As described in this article. 8-b.t 
data words are applied to this video recorder in the 
sequence YUYV in which Y represents the lumi- 
nance of a pixel and U and V represent the 
chrominance of a pair of pixels. The video recorder 
20 4 shown in the Figure is preferably such a v,deo 
recorder. J . t . 

The HDTV picture signal compressed by the 
encoding unit 2 and comprising the DC value as 
well as the code words AC of each picture block is 
25 applied to the formatting unit 3. This unit comprises 
a first memory 31 to which the DC values are 
applied, a second memory 32 to which the code 
words AC are applied, a multiplexer 33 and a 
control circuit 34. Moreover, the formatting unit 
30 receives the block coordinates (I. j) of the current 
picture block. In the embodiment shown the first 
memory 31 is a RAM and the second memory 32 
is a FIFO If desired, the second memory 32 may 
also be of the RAM type. In that case both memo- 
as ries may be implemented as one integrated mem- 
ory and the multiplexer is superfluous. 

The operation of the formatting unit will now be 
explained as regards the luminance information Y 
The chrominance signals U and V are processed 
40 identically. The DC value of each picture block Y is 
stored in the RAM 31, which receives the block 
coordinates (i, j) as a write address from address- 
ing circuit 22. The other code words AC of the 
picture block are written at successive locations of 
FIFO 32. After all picture blocks of a picture have 
been stored in this way. the memories are read 
under the control of control circuit 34. In practice, 
the memories may have a double implementation 
in order that reading of a picture coincides with 
storage of the next picture. The control circuit is 
further shown in Fig. 2. It comprises a 720-divider 
341 which receives clock pulses at a frequency of 
13 5 MHz, followed by a 576-divider 342. The 720- 
divider generates a column number c, the 576- 
divider generates a row number r. These numbers 
are applied to a decoder 343 which constitutes a 
read address (x, y) and a selection signal S from c 
and r. Those skilled in the art can conceive prac- 
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tica. embodiments of this decoder from the follow- 
ing relations: 

S = Ofor 2705 c< 450 and 216 5 r< 360 ^ 

x = c - 270 

y = r - 216. 

The two memories are thus read in the form of 
■™ series of 720 8-bit words each, analogously to 
he 576 picture lines of 720 pixels each of an io 
ELXfamv Picture signalin PCM format Th 
fifo 32 is read by means of the value & « 
ZeZ for outpul by the multiplexer 33 ^ding 
of the FIFO is interrupted by «»« J^,^ f s n 
= 0 and data is selected from RAM 3 '- As is 

2ft ?J£ ioT I i) corresponds 
; „iv= (270 + i 216+j) of the imaginary SDTV 
iST^W 44^Vvaluesof theorigina. HDTV . 
s gna X- 3A) thus constitute, as it were a sub- 
nw,.re in an imaginary SDTV picture (Fig. 3B). 
Sub-picL hi a dimension ol M80J 4J ^ 
and an arbitrarily adjustable origin (here (270, 216)- _ 

* The DC va.ues of luminance and chrominance 
blocks are grouped in the ^^J 1 "^ 
output signal thus obtained .s applied to SDTV 
rprorder 4 and/or SDTV receiver 8 (see Rg. 1). 
B^apparaLses interpret consecutive 8-bit words 
as consecutive PCM pixels of an uncompressed 
SrJTV picture signal. In this way. the tra = tted 
sianal can be recorded, played back and displayed 
as a genuine SDTV signal. Since each pixel in *e 
sub-picture represents the mean value of a cor- 
Jespond^g 8*8 HDTV picture block, the sub-picture 
conSu e2 a smaller, but recognizable and accept- 
ab e sion of the fui. HDTV picture. The aspect 
ratio of the sub-picture (4:3) differs from that of the 
HDTV picture (16:9). but this is no drawback for 
reco^nSng the picture. The pixels outside the sub- 
picture are successive 8-bit ^samples of a brf 
stream of variable-length code words, n SDTV 
SsX they appear to form a kind of no.se which 
fs S irSesome for the perception of the sub- 

PiCt The compressed HDTV picture signals can 
thus be recorded and played back with standard 
Recorders and judged with standard rece.vers. Ed- 
t ngt no Problem and is possib.e without having 
^ use any further additional facilities. As far as 
lideo recovers are equipped with facilities such as 
rills fast search and the like, they also apply to 
HDTV sub-pictures. Experiments have proved 
Tat e^In 40 Les faster display stil. y.elds a 
^^SHDTVtelev^P^n 
is of course displayed again on a HDTV rece.ver. 



Reverting to Fig. 1. it appears tha a ^formatting 
unit 5. a decoding unit 6 and a display devK.e 7 are 
provided for this purpose. The deforrnattm , unit 
comprises a demultiplexer 53. a first (RAM) mem 
ory 51. a second (FIFO) memory 52 and a con o, 
Suit 54. All these elements ^ve ^ 53 ^ struc- 
ture as the corresponding elements of the fo mat 
tinq unit 3 already described. A more deta.led 
explanalon of the operation is therefore unnec 
essary It is only to be noted that the select on 
Jgna^applied to demultiplexer 53 is ncj - denoted 
by S' and that the address (x, y) applied to the 
RAM 51 is now a write address. 

The decoding unit 6 comprises an addressing 
circuit 62 which generates successive read ad- 
dresses (i. i) for reading the DC values of each 
Sure block stored in RAM 51 . £ 
Seceding unit receives, from each p.ctu e , bta* 
the code words AC which are ™P^ B ^ W * *" 
, Z coefficients. The code words AC are applied to 
Triecodinq circuit 64 with which the ongmal AC 
coefficients are regained. An inverse picture trans- 
former 63 transforms the coefficients of a picture 
hinrk back to the pixel domain and stores the 

the control of block coordinates (i. )>■ ine 
1W1 152 pixels of the HDTV picture are regained 

i0 l t h^enTsureT^the foregoing that the 
}0 compr ssionlactor is 4 so that the result bit rato 
exactly corresponds to that of an uncompressed 
SDTV signal. At higher compression factors a shor- 
ter Z stream is produced for each picture than the 
5 slam for aS uncompressed SDTV P ,c urej 
T * =» ni.iralitv of DC values can be accom- 
" » *•» 

same reference numerals. . 

The device shown in F,g. 4 now comprises an 
address converter 25 which successively gene * 

Moreover the control circuit 34 in this embod.men 
50 formed in such a way that the following relations 
apply (see decoder 343 in Fig. 2): 
S = Ofor 180 Sc< 540 and 1445 r< 432 
x = c-180 
55 y = r-l44 

It has been attempted to show in Fig. 6 that the 
corresponding SDTV sub-picture now composes 
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360*288 pixels. In other words, it is twice as large 
in the horizontal and vertical directions as the sub- 
picture shown in Rg. 3. The SDTV sub-picture can 
thus be better recognized but it does not have an 
enhanced resolution. 

Fig 5 shows the corresponding device tor re- 
ceiving the picture signals. This device comprises 
an address converter 65 which causes one of the 
RAM locations (2i. 2j). (2i, 2j + 1). (21 + 1. 2» or 
(2i + 1 2j + 1) to be read for block coordinate (i. ))• 
The actually read location is not important because 
the same DC value is stored at all four locations. 

The resolution of the larger sub-picture thus 
obtained can be enhanced by not duplicating the 
one DC value but by generating four dist.nct DC 
values for each 8*8 picture block. This is shown in 
Rg 4 by means of a broken line DC producer 26. 
H divides each applied picture block of 8*8 pixels 
into four sub-blocks of 4*4 pixels and computes the 
average luminance and chrominance values for 
each sub-block. The four DC values are stored at 
the afore-mentioned RAM locations (2i, 2j), (2i, 
2j + 1) <2i + 1, 2j) and (2i + 1, 2j + 1). The resolution 
of the' sub-picture shown in Fig. 6B is now doubled 
in both the horizontal and the vertical direction. 

The corresponding device for receiving the pic- 
ture signal now comprises a DC averager 66 
(shown in broken lines in Fig. 5). This averager 
receives the four DC values and averages them so 
that the mean value of the 8*8 picture block is 
regained again. The value obtained is applied as a 
DC coefficient to the inverse picture transformer 
63. . .. 

It may be noted with respect to the embodi- 
ments shown in Figs. 4 and 5 that, if desired, the 
sub-picture can be magnified in only one (horizon- 
tal or vertical) direction. This option is sensible 
when the compressed HDTV picture signal only 
provides space for accommodating, per picture 
block two DC values in the channel bit stream. It is 
true that the aspect ratio of the sub-picture is then 
affected but the sub-picture can still be recognized. 
It is also possible to form the distinct DC values 
from the DC coefficient of a transformed picture 
block and the three AC coefficients of the lowest 
order. , x 

It has always been assumed in the foregoing 
that the video recorder is of a type recording the 
applied SDTV signals in an uncompressed form. 
However, the invention can also be used for other 
types of SDTV video recorders. For example, Fig. 
7 shows a video recorder 4 which itself is provided 
with a compression unit 41 and a decompression 
unit 42 Now, only the sub-picture with the DC 
values is presented to a digital input 43 for receiv- 
ing digital SDTV signals (for example in the YUYV 
format already referred to). Upon recording, the 
sub-picture is compressed and upon display it is 



decompressed. The code words AC are presented 
to a further input 44 and directly stored on tape 46 
via a switch 45. The switch 45 is controlled by the 
selection signal S of the formatting unit 3 (Fig. 1). 
5 The reason behind this is that the usual compres- 
sion methods are only effective if they are used for 
genuine television pictures in which there is a cor- 
relation between contiguous pixels. This is the case 
for the sub-picture. However, the compression 
10 would be unsuitable for the code words AC be- 
cause the required correlation between consecutive 
8-bit words is absent. The recorder 4 now func- 
tions, as it were, as a video recorder during the 
sub-picture and as a data recorder outside this 
,s picture, so that at least the sub-picture is dis- 
playable on a standard television receiver. Upon 
playback, the compressed sub-picture is applied to 
the decompression unit 42 for regaining the DC 
values and for display on the standard television 
20 receiver 8. The code words AC are directly read 
from the tape 46 via a second switch 47. In this 
case, the switch 47 is controlled by the selection 
signal S' of the deformatting unit 5 (see Rg. 1). 
Alternative embodiments of the transmission 
25 system according to the invention are possible. It 
is for example, possible for the DC coefficient of a 
HDTV picture block to be a 9-bit value, while the 
SDTV video recorder wants to receive 8-bit pixels, 
in that case the least-significant bit of the DC value 
so can be accommodated in the data stream AC. It is 
alternatively possible to incorporate additional er- 
ror-correcting bits in the formatted HDTV output 
signal to enable correction of bit errors made by 
the recorder. 

as An attractive use of the inventive idea is shown 

in Rg. 8. The transmission system shown in the 
Figure comprises the encoding unit 2 and the for- 
matting unit 3 at the transmitter end. The data 
stream AC is scrambled by means of a scrambler 
40 9 but the DC values remain unaffected. The re- 
ceiver end comprises the deformatting unit 5, the 
decoding unit 6 and a descrambler 10. Since the 
DC values are not scrambled, display in the form of 
a sub-picture is readily possible. However, a full 
45 reconstruction of the picture is only possible by 
means of the descrambler 10 and an appropriate 
code. In this way. a viewer can be tempted to pay 
for a subscription. 

so Claims 

1 A device for transmitting a high-definition digi- 
tal picture signal in the form of a channel bit 
stream, comprising encoding means (2) for 
forming a mean value and a series of other 
data words for successive picture blocks, char- 
acterized in that the device comprises format- 
ting means (3) for accommodating the mean 
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values at positions of the channel bit stream 
which form a sub-picture in a picture signal 
having a lower definition. 

2 A device as claimed in Claim 1. characterized 5 
in that the encoding means comprise a picture 
transformer (23) and in which the mean value 

is formed by the DC coefficient of a trans- 
formed picture block or a group of transformed 
picture blocks of the picture signal. 10 

3 A device as claimed in Claim 1 or 2, character- 
ized in that the device is further provided with 
means (25, 26) for forming a plurality of mean 
values of sub-blocks for each picture block. « 

4. A device as claimed in Claim 1. characterized 
in that the formatting means (3) comprise a 
first memory (31) for storing the mean values, 
a second memory (32) for storing the other a 
data words, and control means (33. 34) for 
reading the first memory during a sub-picture 
period and for reading the second memory 
outside said sub-picture period. ^ 

5 A device for receiving a high-definition digital 
picture signal in the form of a channel bit 
stream, comprising decoding means (6) for 
forming a picture block of the high-definition 
signal from a mean value and a series of other 
data words, characterized in that the device 
comprises deformatting means (5) for splitting 
the channel bit stream into the mean values 
and the other data words, said mean values 
being accommodated at channel bit stream 
positions which form a sub-picture in a picture 
signal having a lower definition. 

6. A device as claimed in Claim 5, characterized 
in that the decoding means comprise an in- 
verse picture transformer (63) to which a mean 
value of the sub-picture is applied as a DC 
coefficient of a transformed picture block. 

7 A device as claimed in Claim 5 or 6, character- 
ized in that the device is further provided with 
means (65, 66) for forming the mean value of 
the picture block from a plurality of mean 
values of sub-blocks of a picture block. 

8. A device as claimed in Claim 5, characterized 
in that the deformatting means (5) compnse a 
first memory (51) for storing the mean values, 
a second memory (52) for storing the other 
data words, and control means (53, 54) for 
storing the channel bit stream in the first mem- 
ory during a sub-picture period and in the 
second memory outside said sub-picture pe- 



9 A device as claimed in any one of Claims 1 to 
4. characterized in that the device is provided 
with scrambling means for scrambling the oth- 
er data words. 

10 A device as claimed in any one of Claims 5 to 
8 characterized in that the device is provided 
with descrambling means for descrambhng the 
other data words. 
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FIG 4 
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